Introduction
When the interplanetary magnetic field (IMF) is oriented opposite to that of Earth's intrinsic magnetic field (B z negative or southward), reconnection between the two field lines is favorable. This opens Earth's magnetic field lines to the solar wind. As the solar wind travels tailward, it carries with it these open field lines, which enter the magnetotail lobes and
Correspondence to: A. D. DeJong (adejong@swri.edu) eventually reconnect in the plasma sheet at the center of the tail. These open field lines map to the region poleward of the aurora. Thus, the open-closed field line boundary can be approximated by the poleward auroral boundary. Using this boundary, the amount of open magnetic flux in the polar cap (F pc ) can be calculated. Siscoe and Huang (1985) state the following formulation of Faraday's Law:
Where F pc is the amount of open flux in the polar cap, D and N are the dayside and nightside reconnection rates, respectively. Hence, the temporal evolution of the F pc can indicate a balance or imbalance of reconnection rates (Siscoe and Huang, 1985; Cowley and Lockwood, 1992) . If the dayside reconnection rate, also known as the merging rate, is greater than the nightside reconnection rate, then the amount of F pc increases. This occurs, for example, during the growth phase of a substorm (Frank and Craven, 1988) . Because the merging rate is higher, the open field lines load the lobes, and hence the polar cap, with magnetic flux. Conversely, when the reconnection rate on the nightside is greater than the merging rate the magnetic flux is unloaded from the tail, causing the F pc to decrease. This occurs, for example, during the expansion phase of a substorm. If the merging rate and the nightside reconnection rate balance, then the F pc remains steady (dF pc (t)/dt=0) and a steady magnetospheric convection event (SMC) ensues. Periods of magentospheric activity without substorm signatures have been termed "convection driven negative bays" (Pytte et al., 1978) or steady magnetospheric convection (SMC) events (Sergeev, 1977) . However, the definition of an SMC most commonly used today was expounded by Sergeev and Lennartsson (1988) as: (1) stable, continuously southward IMF for more than 4-6 h, (2) enhanced convection during that period (AE≥200 nT), (3) no substorm signatures in 3898 A. D. DeJong et al.: BRIs: 4 case studies ground-based data, and (4) no current sheet disruptions or plasmoid releases in the near-Earth magnetotail.
While this definition has been used for many years, it possesses limitations. Principle among these is that it does not describe a physical state of the magnetosphere. Instead, this definition describes one phenomenon, SMCs, by the lack of another phenomenon, substorms. Since substorm signatures in data can be interpreted differently, it is difficult to definitively state whether or not a substorm has occurred. Also, this definition of an SMC describes a magnetospheric event by its solar wind drivers. Thus, a new, more physical definition of SMCs is needed: A balance of reconnection rates on the dayside and nightside of the magnetosphere. This balance of reconnection rates occurs when large scale convection is steady in the magnetosphere. Thus, it is a more physical based definition, as it is a measurement of the magnetospheric state rather than a lack of data signatures.
Not only is the current definition of a steady magnetospheric convection event not physically intuitive neither is its name. This name implies that the entire magnetosphere must remain steady during an SMC. This is not so. When convection is steady on a large scale, it is not always steady on a small scale. Some SMCs have a slow evolution in AE, AL and D st , while others may have small perturbations in the data. One type of perturbation observed during SMCs are pseudo-breakups, or auroral brightenings that appear to be the onset of a substorm expansion phase. However, the expansion never occurs and the brightening never moves poleward (Akasofu, 1964) . Because these variations occur in the data and the magnetosphere is not absolutely steady, a new name is proposed -Balanced Reconnection Interval (BRI). This new name is more intuitive as to what is happening in the magnetosphere during these events.
If the reconnection rates are truly balanced, then the openclosed boundary, and hence the amount of open magnetic flux in the polar cap (F pc ), should remain steady. Thus, this new definition allows us to utilize the F pc , which is derived using data from the Polar UVI and IMAGE FUV instruments, to identify BRI/SMC events. If the F pc is fairly steady over the "average" time frame of a substorm (3 h) and there are no other signs of a substorm during that period (mid-latitude positive bays, auroral brightenings longer than 10 min, and large changes in AL,AE and CPCP), then the event is grouped as a BRI/SMC. In order to make sure that the events are not quiet periods, there is an imposed AE threshold of 200 nT. This cut off in AE is a carry over from the Sergeev and Lennartsson (1988) definition, although recently McWilliams et al. (2008) found that this threshold may vary with seasons. This methodology for finding BRI/SMC events allows for detailed studies of individual events, along with statistical analysis.
While there have been numerous studies of SMCs (BRIs), none of them have utilized polar cap open magnetic flux (F pc ) as a selection criteria. Until now, F pc has been used only to support other data, rather than as a way to determine if an event is an SMC (Yahnin et al., 1994) . Sergeev et al. (1996) studied several SMC events, but were limited to 5 due to lack of satellite data coverage in the magnetotail. The global coverage did, however, allow them to do a very detailed analysis of the magnetospheric dynamics during these events. Yahnin et al. (1994) also did an in-depth study on features occurring in the 24 November 1981 SMC. While these investigations illuminated many features of steady magnetospheric convection, there has been a lack of statistical analysis of SMCs. O'Brien et al. (2002) presented a large scale statistical study of SMCs, but their selection criteria was only that AL(t)-AL(t-1 min)≤−25 nT. This led them to find SMCs that occured during weaker periods of geomagnetic activity. They also imposed no time limit on the events, so their SMC intervals could be as short as 5 min. Since substorm recovery phases often have a steady AL they were most likely included in their study. Thus, probably not all of their events were truly SMCs. Tanskanen et al. (2005) used Geotail data to study loading and unloading phases along with SMCs. Their analysis supported O'Brien et al. (2002) and Sergeev et al. (1996) , finding that SMCs are more likely to occur when 0 nT>IMF B z ≥−5 nT. Furthermore, approximately half of their 28 SMCs had bursty bulk flows (BBF) in the tail. Hughes and Bristow (2003) studied the Harang discontinuity during two SMCs and found that convection patterns during SMCs were typical for southward IMF. Recently, Goodrich et al. (2007) ran a Lyon-Fedder-Mobarry (LFM) (Lyon et al., 2004) global MHD simulation of an SMC. Their findings of "an intense current sheet in the inner magnetosphere and a thick midtail plasma sheet" supported the global convection pattern put forth by Sergeev et al. (1996) . When they increased the merging rate by 50% in magnitude by increasing the IMF B z , they still had a case of quasi-steady reconnection in the tail. The stronger B z created a reconnection line that was closer to Earth. This caused a more dipolar inner magnetosphere and produced a wide auroral oval, corroborating findings by Yahnin et al. (1994) .
Thus far, utilizing global imaging has allowed for 51 BRIs to be identified. If there is a lack of imaging coverage for part of the event then the Sergeev and Lennartsson (1988) definition is used to determine the starting or ending time of the events. This paper examines 4 of these 51 events. Each event represents different features found during the BRI events and each event has full imaging coverage for the entire event. While the 4 events are classified as BRIs according to our definition, they all differ in the magnetospheric physics producing them. These events represent some of the diversity that can occur during this class of phenomenon. The first event is very steady and represents the expected observations during an SMC. The second BRI has no substorm to conclude it, because the reconnection rates stay balanced until the IMF B z turns completely northward. The third case study has no substorm to initiate the BRI, because the reconnection rates balance without an unloading process first. final event begins and ends with substorms, it differs from the others because it occurs during a higher level of magnetospheric activity.
Data and methodology
The boundary between open and closed magnetic field lines in the magnetosphere maps approximately to the poleward edge of the aurora (Frank and Craven, 1988; Craven and Frank, 1987) . This poleward boundary can be measured using Polar UVI LBHl and IMAGE FUV WIC data. Baker et al. (2000) compared the auroral boundary as measured by Polar UVI LBHl to that of DMSP data. They found that a cutoff brightness of approximately 4.3 photons/cm 2 /sr (∼130 Rayleighs) compares well to the DMSP open-closed boundary. However, when the aurora is active, this intensity cutoff increased and must be subsequently accounted for in the boundary identification. Although this method of finding the open-closed boundary is not exact, it is the temporal changes in this boundary we are interested in. For example, if the image boundary shifts or changes then the "true" open-closed boundary is assumed to change by the same amount. Once the boundaries are found for all the available images during an event, then the area inside the boundary is calculated. This area is the polar cap area (A pc ). In order to calculate the total amount of open magnetic flux in the polar cap (F pc ), the total magnetic field is integrated over the polar cap area. The International Geomagnetic Reference Field (IGRF) is used to calculate the magnetic field. As stated in the introduction, changes in the F pc indicate an imbalance in the magnetopsheric reconnection rates. Thus, only changes in the F pc remain relevant to this study. This boundary method shows that, during a substorm expansion phase, the F pc drops approximately 30% in one hour or less (DeJong et al., 2007) . Thus, we adopt the criterion that variations in the F pc must be less than 10% within a 1-h interval during the BRI event. However, small variations, falling well within our error of ±5%, occur due to changes in auroral imaging coverage and the boundary threshold (DeJong and Clauer, 2005) . For consistency, all four events are measured using Polar UVI LBHL imaging data. They all also take place during northern winter so dayglow removal was not required.
The indices used in this study (AE, AL, cross polar cap potential (CPCP), and D st ) are derived by the assimilative mapping of ionospheric electrodynamics (AMIE) technique (Richmond, 1992) , which has been applied to approximately 150 ground-based high-latitude magnetometer records (Ridley and Kihn, 2004; Cai et al., 2006) . The interplanetary magnetic field (IMF) and solar wind parameters have been propagated to Earth using the Weimer et al. (2002 Weimer et al. ( , 2003 ; Weimer (2004) pseudo-minimum variance technique. The propagation is accurate to approximately 6 min, thus onsets and triggers may not occur at the exact same time.
3 Case studies 3.1 Event 1: Classic BRI (SMC) (3 and 4 February 1998) Figure 1 is a stack plot of data for the BRI that begins at 16:30 UT on 3 February and ends at 01:00 UT on the 4th. The top panel is a MLT-UT plot of the maximum brightness from Polar UVI LBHl images. The center of the plot is midnight while the top and bottom are noon. Thus, any auroral brightenings associated with substorms should take place toward the center of the plot. One such brightening is associated with the substorm that occurs at 15:00 UT on the 3rd. The second panel is the amount of open magnetic flux in the polar cap (F pc ) in GigaWebers (GWb). The next four panels are CPCP (kV), AE (nT), AL (nT), and D st (nT), all calculated from AMIE (Ridley and Kihn, 2004) . The Weimer propagated IMF B z is plotted on the bottom panel.
Although this event has previously been studied by Goodrich et al. (2007) , it remains a key component of this investigation because it represents a "classic" BRI. This event is described as "classic" since it fits the definition of an SMC set forth by Sergeev and Lennartsson (1988) ; Sergeev et al. (1996) . The IMF B z is steady at approximately −6 nT. AE, AL and D st all exhibit very little variation. The F pc remains steady at 0.51±0.04 GWb and the aurora is enhanced with very few brightenings and little movement. There are also substorms before and after the BRI, following the more classic definition of an SMC. The first substorm onsets at 15:00 UT and recovers before the BRI starts. Because the F pc remains steady until the concluding substorm, it is difficult to separate the growth phase of the substorm from the Ann. Geophys., 26, [3897] [3898] [3899] [3900] [3901] [3902] [3903] [3904] [3905] [3906] [3907] [3908] [3909] [3910] [3911] [3912] 2008 www.ann-geophys.net/26/3897/2008/ BRI. Since there is no measurable loading of the tail, the BRI ends with the onset of the expansion phase of the substorm.
However, it appears that this substorm was triggered by the IMF B z turning northward at 01:00 UT. Thus, termination of the dayside reconnection causes the tail to unload via a substorm. The two panels on Fig. 2 are plots of Los Alamos National Lab (LANL) synchronous orbit particle analyzer (SOPA) proton data from two different satellites (1995-084 and LANL-97A). There are five different energy channels plotted with red as the least energetic and blue as the most. The moon on the plots indicates when the satellite is at local midnight. There are no large particle injections that would indicate a substorms during this event (Walker et al., 1976; Erickson et al., 1979) . There are, however, some small injections at around 18:00, 19:00, and 22:00 UT in the lower energy changes that may be associated with narrow plasma injections. The initiating and concluding substorms have larger particle injections at 15:00 and 01:00 UT, respectively.
The solar wind/IMF data from the WIND satellite is displayed in Fig. 3 , propagated to Earth using Weimer (2004) . The IMF B z during this BRI/SMC is similar to that of other SMCs as measured by O'Brien et al. (2002) and Tanskanen et al. (2005) : negative, steady, and of moderate magnitude (−5.9±1.15 nT). However, it is the very low Alfvénic Mach number that is intriguing. The Alfvénic Mach number for the solar wind is very low at 2.7±0.31. It has been noted recently that the magnetospheric interaction with the solar wind may be quite different under low Mach number and low β. For example, Lavraud et al. (2007) showed that under nominal solar wind conditions, the P force is dominant in reaccelerating the solar wind in the magnetosheath, while during low β cases, the J ×B force is dominant since the magnetic field is dominant. Further, Tanskanen et al. (2005) showed that during low Mach numbers, the magnetosphere has predominant Alfvén wings, which may strongly influence the solar wind magnetosphere interaction. Saturation of the ionospheric cross polar cap potential occurs under these conditions.
Event 2: Driven recovery Phase BRI (15 February
1998)
The second BRI occurs on 15 February 1998 and lasts from 00:00 UT to 04:05 UT. While this event is considered a Balanced Reconnection Interval, since the F pc remains steady at 0.42±0.02 GWb for over 4 h, the interval would probably be better described as a driven recovery phase. Figure 4 shows a substorm with an expansion phase onset at 22:40 UT, but after the hour long recovery phase the F pc remains steady for 4.25 h and the aurora remains bright. The CPCP, AL, and AE also show a higher level of activity in the auroral zone until 02:16 UT, when they begin to decay to quiet time levels (AE 735 to 200 nT, AL −464 to −75 nT, and CPCP 78 to 33 kV). The event ends when AE drops below 200 nT at 04:05 UT. The auroral activity declines as the IMF B z slowly starts to turn northward at about 02:00 UT. The activity returns to quiet levels approximately half an hour after the IMF B z has turned completely north. It is the extended southward IMF B z and its slow northward turning that allows the magnetotail to slowly relax back to a quiet state without first unbalancing the reconnection rates. Thus, the recovery phase of the first substorm is still being driven by the IMF B z southward until the magnetosphere relaxes. Figure 5 shows the propagated solar wind/IMF data from the ACE satellite. The solar wind during this event appears to be at nominal levels. The Mach number is steady at about 7.2±0.56, while Beta (0.33±0.07) and number density (9.28±0.83 cm −3 ) are also at "average" levels. The IMF/solar wind data remains fairly steady and B z appears to be the only major driver during this event. While the previous BRI started with a substorm and ended when the magnetosphere relaxed back to quiet levels, the BRI on 22-23 December 2000 starts when the magnetosphere slowly rises to active levels and ends with a substorm. The aurora during this event is stronger and brighter than the last two examined. The BRI starts at 21:42 UT when AE becomes greater than 200 nT. AE then slowly rises to 946 nT. AL slowly drops (−134 to −541 nT) during this time, indicating a slow increase in magnetospheric activity. However, no disruptions that indicate a substorm expansion occur during this time interval. The top panel of Fig. 6 shows the aurora slowly becoming more active, but once again, there is no sign of a substorm expansion in the aurora or in other data. At 23:30 UT there is a large northward turning of the IMF B z that one would expect to trigger an expansion phase of a substorm. There is a brightening in the aurora at this time close to dawn (18:00 MLT), but there is no response in AL, no westward traveling surge, and poleward expansion of the oval. Thus, it is considered to be a pseudo-breakup (Koskinen et al., 1993; Kullen and Karlsson, 2004) . During the rest of the event, the F pc remains steady at 0.76±0.05 GWb until the substorm at 04:49 UT. Once again it is difficult to separate the BRI and the growth phase of the concluding substorm, due to the F pc remaining steady until the onset of the expansion phase. However, during this event the substorm expansion does not appear to be triggered by a northward turing of the IMF B z . This is similar to the event investigated by Yahnin et al. (1994) , where there appears to be no trigger for the concluding substorm expansion of the SMC. The reason for the change in reconnection rates is unknown at this time but it is most likely due to an internal process in the magnetosphere. The D st derived from AMIE is relatively weak (−12 nT), indicating that there is no storm occurring in the magnetosphere at this time. However, the hourly D st drops to −55 nT at 04:00 UT on the 23rd, which implies that the BRI event happens during the main phase of a weak magnetic storm. The difference between these two measurements could indicate that there may be a lot of structure in the inner magnetosphere. When more magnetometers are used, as in the D st from AMIE, they may average out to zero, while, when only 4 magnetometers are used, a more disturbed picture of the inner magnetosphere may arise. Figure 7 shows the Weimer propagated ACE data for this event. While there is not solar wind data for the entire event, what is shown remains unsteady. At the start of the BRI, the Alfvénic mach number is 6 and quickly moves up to 9.8. It then drops back down to 2.6 30 min later, rising back to 7 and falling to 2.5 45 min later. At 00:13 UT on the 23rd, it remains weak, at close to 3, until the data ends. observing just solar wind density or dynamic pressure, one would expect to see a large increase in auroral activity during this event (Chua et al., 2001; Boudouridis et al., 2003 Boudouridis et al., , 2004 Boudouridis et al., , 2005 ), yet there is none. One of the most interesting observations about this event is that the solar wind/IMF remains less steady than during the other events. same time as the spike in B z , the solar wind V y drops from 0 to ∼−55 km/s and the V z drops from 0 to ∼−80 km/s for approximately 30 min then they both return to zero. This may indicate that the short increase in B z does not hit the Earth's magnetosphere.
Event 4: Active BRI (17 February 1998)
The last BRI to be investigated occured on 17 February 1998 and shows a slow growth in F pc after a 5.67 h period of steadiness. Figure 8 shows that there is a substorm expansion at 14:15 UT (determined by AL) that precedes the BRI starting at 15:45 UT when AL becomes steady. they are not consistent with substorms expansions during this time interval. The event ends at 21:22 when the growth phase of the substorm starts. The two hour long growth phase is not considered part of the BRI, since the F pc increases by more than 10% per hour during this time.
The substorm expansion at 23:19 UT is not observed in the F pc , but is determined by the large decrease in AL. This is consistent with a more negative IMF B z , which increases the merging rate on the dayside. Thus, even though there is a substorm, the F pc continues to increase since the dayside merging rate is greater than the nightside reconnection rate (Milan et al., 2007) . Milan et al. (2007) investigated a similar nightside reconnection event and suggest that this only occurs when the F pc becomes greater than 0.8 GWb. At the onset of the substorm at 23:19 UT, the F pc measures 0.84 GWb and continues to increase to 0.9 GWb, before it starts to drop at 00:45 UT on the 18th.
This event is moderately active with the CPCP of approximately 106 kV and AE at 834 nT. The D st is dropping from −10 to −80 nT during this event, implying it takes place during the main phase a geomagnetic storm. The IMF B z is strong and southward during this event: −8±1.15 nT, such that one might expect to see a periodic sawtooth oscillation (Henderson et al., 2006) instead of balanced reconnection. In order to show that it is not a sawtooth event, the LANL SOPA proton data is shown in Fig. 9 . While there are small perturbations in the data, there are no signatures of stretching or injections consistent with a substorm or a sawtooth oscillation. The small perturbations appear to be different than the substorms at 14:15 and 23:19 UT where the particle densities drop, as the magnetotail is stretched, and then inject back into the inner magnetosphere during the dipolarizations. et al. (2005) also study this event. They show that the small injections seen in the LANL data are associated with bursty bulk flows (BBFs) and auroral streamers. So, there is energy being transferred from the tail into the auroral region but not in the form of substorms. Thus, the dayside and nightside reconnection rates remain balanced and large-scale magnetospheric convection is steady. The solar wind and IMF are steady for the first 5.5 h of the event as shown in Fig. 10 . At 21:25 UT, around the same time that the F pc starts to grow, the density increases from 11 to 20 cm −3 and remains close to 20 cm −3 for the next hour and a half. Since both the solar wind velocity and the IMF B z remain steady during the pressure pulse, it is the increase in density that causes both the Alfvénic Mach number and the solar wind Beta to increase. This data is in agreement with Ober et al. (2007) who show that an increase in the solar wind density of this type (with other parameters held constant) can cause the open flux in the polar cap to increase. However, Boudouridis et al. (2003 Boudouridis et al. ( , 2004 Boudouridis et al. ( , 2005 have demonstrated that, when a pressure pulse interacts with the magnetosphere, the auroral will tend to move poleward. Since this is not in agreement with this event, further studies need to be done in order to examine why there is poleward movement in some events and not others.
Discussion
The fundamental question that is at issue in the study of SMCs or BRIs is: What allows reconnection rates to balance? Sergeev et al. (1996) suggest that the magnetosphere may need to first unload its tail flux in the form of a substorm expansion before the reconnection rates can balance. They propose that SMCs (BRIs) may occur when the plasma sheet is thick, as during the recovery phase, and while the B z driver remains enhanced. Thus, the near-Earth tail develops a growth phase type configuration, while the mid-tail region persists in the expansive state. This magnetospheric configuration gives the minimum B z they measured in the equatorial magnetic field near 12 R E . Although this paper does not explore the tail region during these events, this explanation set forth by Sergeev et al. (1996) does not hold for all the events studied, since Event 3 fails to start will a substorm. It appears that in Event 3 the magnetosphere is already in a state that allows the reconnection rates to balance without the need for the recovery and expansion phases discussed by Sergeev et al. (1996) . Thus, it seems that preconditioning of the magnetosphere may play a role in some BRI events.
This investigation shows that there are least three different situations that can cause the reconnection rates to become unbalanced: (1) the dayside reconnection reduces significantly (Events 1 and 2), (2) the dayside reconnection increases without an increase in the nightside rate (increased driving) (Event 4), (3) some internal process causes a substorm to occur (Event 3). Events 1 and 2 cease when the dayside reconnection is reduced. In Event 1, the IMF B z turns northward suddenly, causing a new reconnection point to form, and a substorm ensues. During Event 2, the IMF B z takes 2 h to turn northward. This allows the reconnection on the nightside to maintain balance, but once the IMF B z is fully northward and reconnection on the dayside is reduced significantly, the event ends. Event 3 appears to end without a trigger in the solar wind/IMF, suggesting a stochastic process causes a new reconnection point to form. Milan et al. (2007) find that 50% of their untriggered tail reconnection events occur when the F pc >0.7 GWb, leading them to conclude that these events happen spontaneously due to stresses in the tail. Event 3 has an average F pc of 0.76 (±0.05) GWb and contains the only untriggered substorm onset. Even though the events of Milan et al. (2007) are not preceded by a BRI, the physics appears to be the same. Finally, Event 4 ends with an increase in dayside reconnection, while the nightside reconnection presumably stays the same. This causes flux loading in the tail and a growth in the F pc .
Another way to analyze the conclusion of these events is in terms of substorms. Once again 3 different endings for the events were found: (1) substorm growth phase (Event 4), (2) substorm expansion phase (Events 1 and 3), and (3) no substorm (Event 2). Events 1 and 3 end abruptly with the appearance of a substorm expansion phase in the data. In Event 1 the dayside reconnection rate reduces, causing nightside reconnection to be larger than the dayside and the expansion phases ensues. However, in Event 3 there appears to be no turning off of the dayside reconnection. Event 4 ends when the F pc begins to grow for 2 h preceding the substorm. The growth in F pc is caused by the build up of magnetic flux in the tail that occurs during the growth phase of a substorm.
The solar wind/IMF drivers for all four events are fairly steady. Thus, the notion that SMCs (BRIs) occur when the IMF B z is negative and steady still holds for these events. There are some perturbations in the ACE data for Event 3 that do not appear to impact the BRI. The IMF B z for all of the events is less than −5 nT. This differs from previous studies that state that steady magnetospheric convection usually occurs when 0 nT>B z ≥−5 nT (Sergeev et al., 1996; O'Brien et al., 2002; Tanskanen et al., 2005) . Event 1 has a B z close to −6 nT and Event 2 starts with a B z of −5 nT before it starts to turn northward. Events 3 and 4 both have a larger magnitude of the IMF B z (−12 and −8 nT, respectively) than expected for this type of event. Another interesting driver to note is the solar wind Beta and Alfvénic Mach number. With the exception of Event 2, they are all lower than the "average" solar wind beta and Mach number. The solar wind/IMF drivers will be studied in more detail in a future paper that includes a statistical analysis of the 51 BRI events found using the F pc criteria.
While the drivers during these events are considered relatively constant, the magnetospheric data is not as steady. Once again, Events 1 and 2 are the most steady and most closely fall into the category of an SMC. Event 3 has a slow growth in the AL, indicating that the activity in the auroral zone is increasing during this event. There is also an auroral brightening or pseudo-breakup during this event. Thus, the magnetosphere is not completely steady, yet the global reconnection rates are still relatively balanced in a global sense. Event 4 is by far the most active event. There are variations in AL, AE, and CPCP along with an active aurora. Also, D st and LANL SOPA proton data indicate that the inner magnetosphere is still dynamic during this event. The variations in the data during Events 3 and 4 are what Sergeev et al. (1996) refer to as "mesoscale transient activations" and can occur during SMC events. However, Event 4 has more activity than any of the events studied by Sergeev et al. (1996) . It also has a larger CPCP (106.7±11 kV) than any event they studied, because they only selected events with a CPCP between 60 and 90 kV. Thus, Event 4 is stronger, and therefore, so are the "mesoscale transient activations." Although the last two events are not "steady", they are classified as BRIs because the global dayside and nightside reconnection rates balance and they lack signatures of large-scale tail reconfiguration (Sergeev et al., 1996) . A further study will investigate statistically the steadiness in the solar wind drivers and auroral zone indices for more BRIs.
The reliance on good, global measurements of the aurora remains one of the main difficulties with utilizing open flux in the polar cap to determine if an event is a BRI or not. This means that events can be missed when satellites are not at a good position to take full auroral images. Also, due to the demise of the IMAGE and POLAR spacecraft, global auroral images are no longer available. With the new array of ground-based all-sky images in the Canadian sector, it is possible to get nightside imagery of the auroral oval, but this does not allow for an examination of both the dayside and nightside flux. Therefore, an improved technique, not reliant upon the global imagery, must be determined. While this is beyond the scope of this study, it is recognized that this is quite important for identifying future BRI events. The 51 events that have been identified can be compared to other techniques used for determining SMCs/BRIs, such as those discussed by O'Brien et al. (2002) . Further, other techniques must be investigated, such as comparing the dayside and nightside electric fields produced from the AMIE technique or SuperDARN radars, to approximate the reconnection rates. While these techniques will not be perfect, perhaps a combination of methods will allow for proper event selection.
Conclusions
This investigation illustrates the diversity of BRIs/SMCs. In order to truly understand the physics behind balanced reconnection in the magnetosphere, we must broaden our studies of SMCs and redefine them physically as Balanced Reconnection Intervals. Applying the term "steady" to a system as large and complex as the magnetosphere poses fundamental problems. Convection can remain quasi-steady on a global scale, while small scale perturbations are still occurring. Ultimately, the only way to achieve this large scale steadiness is through a balance of dayside and nightside reconnection rates. Thus, the new name of Balanced Reconnection Interval (BRI) better describes the physical state of the magnetosphere than Steady Magnetospheric Convection (SMC).
The measurement of open magnetic flux in the polar cap (F pc ) is a much better indicator of the balance between dayside and nightside reconnection rate than auroral indices, such as AL and CPCP. For example, if the reconnection rates stop balancing due to an increase in the dayside reconnection rates, as in Event 4, this can be measured as an increase in the F pc . However, this change in reconnection rates is difficult to observe in AL or CPCP. This new definition eliminates the need to estimate the concluding time of a BRI in an ad hoc way. Previous studies first determine the onset time of the expansion phase of the concluding substorm and then subtract the average growth phase length to determine the end time of the SMC. This technique may cause BRIs to appear shorter than they actually are. For instance, Events 1 and 3 do not show a growth phase in the F pc , suggesting that the reconnection rates stay balanced until the onset of the concluding substorm expansion phase. Thus, the new definition of BRI allows for the inclusion of this time period, instead of simply stating that SMCs end with the growth phase. Also, because our method of identifying BRI events is limited by auroral imaging coverage it can be difficult to find a large number of events. Thus, further studies comparing our events to those found using other methods (O'Brien et al., 2002 ) may help to find a better methodology for identify events than either method is capable off at this moment.
The four BRIs examined in this paper are excellent examples of the diversity of this types of events. While some of the events are more intriguing than others, they all generate challenging questions to be investigated. Since event 1 (3 and 4 February 1998) is a classic BRI/SMC, i poses the most significant underlying question about these events: "What truly causes reconnection rates to balance?" Event 2 (15 February 1998) is most likely a common type of BRI event and it raises the question: "At what rate can B z turn northward and still allow the magnetosphere to slowly relax into a quiet state?" In other words, is there some dB z /dt threshold where a concluding substorm is or is not triggered? At the conclusion of the third and fourth events (22 and 23 December 2000 and 17 February 1998, respectively) the Solar wind/IMF drivers remain steady, yet one event ends with a substorm growth phase (slow increase in F pc ), and the other ends when the magnetosphere unloads with the onset of a substorm expansion phase. Thus, the question is raised: "Is there a point where the reconnection rates just can't balance anymore and a growth phase or an expansion phase is inevitable?" More events like 2, 3 and 4 need to found and studied in detail and in a statistical manner in order to understand why reconnection rates balance and become unbalanced.
